In this article, we propose a unified framework that accomodates many of the existing models for dichotomous choice contingent valuation with follow-up and allows to discriminate between them by simple parametric tests of hypothese. Our empirical results show that the Range model, developped in Flachaire and Hollard (2007) , outperforms other standard models and confirms that, when uncertain, respondents tend to accept proposed bids.
Introduction
The NOAA panel recommends the use of a dichotomous choice format in contingent valuation (CV) surveys (Arrow et al. 1993) . To improve the efficiency of dichotomous choice contingent valuation surveys, follow-up questions are frequently used. While these enhance the efficiency of dichotomous choice surveys, several studies have found that they yield willingness-to-pay estimates that are substantially different from estimates implied by the first question alone. This is the so-called starting point bias.
1 Many authors have proposed some specific models to handle this problem (Herriges and Shogren 1996 , Alberini et al. 1997 , DeShazo 2002 , Whitehead 2002 , Cooper et al. 2002 , Lechner et al. 2003 , Flachaire and Hollard 2006 .
In Flachaire and Hollard (2007) , we proposed a model, called the Range model, in which individuals hold a range of acceptable values, rather than a precisely defined value of their willingness-to-pay.
2 In the Range model, starting point bias occurs as a result of respondent uncertainty when answering the first question, while existing models assume that starting point bias occurs while answering the second question.
3
This paper proposes further tests of the Range model: (1) we test the Range model on another dataset and (2) we test the Range model against most existing models. An additional result of this paper is a clarification of the relation among existing models. It is shown that existing models can be derived from three general ones. In some favorable cases, this allows us to compare the performance of existing models.
The article is organized as follows. The following section presents the Range model. The subsequent sections present other standard models, the interrelation between all the models and an application. The final section concludes.
Range model
The Range model, developed in Flachaire and Hollard (2007) , is a dichotomous choice model which explains starting point bias by respondent's uncertainty. It models the individual decision process, using the principle of "coherent arbitrariness" (Ariely et al. 2003) , 4 and can be estimated from a bivariate probit model.
Decision process
In dichotomous choice contingent valuation with follow-up questions, two questions are presented to respondents. The first question is "Would you agree to pay x$?". The second, or follow-up, question is similar but asks for a higher bid offer if the initial answer is yes and a lower bid offer otherwise. The Range model is based on the following decision process :
1. Prior to a valuation question, the respondent holds a range of acceptable values:
where W i is the upper bound of the range.
2. Confronted with a first valuation question, the respondent selects a value inside that range according to the following rule:
A respondent selects a value so as to minimize the distance between his range of willingness-to-pay and the proposed bid b 1i . In other words, W i = b 1i if the bid falls within the WTP range, W i is equal to the upper bound of the range if b 1i is greater than the upper bound of the WTP range, and W i is equal to the lower bound of the range if b 1i is less than the lower bound of the WTP range.
3. The respondent answers the questions according to the selected value:
He will agree to pay any amount below W i and refuse to pay any amount that exceeds W i . When the first bid falls within the WTP range, he can answer yes or no (?): we assume in such case that a respondent answers yes to the first question with a probability ξ and no with a probability 1 − ξ.
If respondents always answer yes when the first bid belongs to the interval of acceptable values (ξ = 1), the model is called the Range yes model. If respondents always answer no when the first bid belongs to the interval of acceptable values (ξ = 0), the model is called the Range no model.
Estimation
In Flachaire and Hollard (2007) , we show that the Range model can be estimated from a more general random effect probit model, that also encompasses the Shift model proposed by Alberini et al. (1997) . If we use a linear model and if we assume that the distribution of WTP is Normal, the probability that the individual i answers yes to the j th question, j = 1, 2 equals to:
where r 1i is the response to the first payment question, D 1 = 0 and D 2 = 1, α = β/σ, λ 1 = δ 1 /σ and λ 2 = δ 2 /σ. Based on this equation, the parameters are interrelated according to:
When we use just the responses to the initial payment question (j = 1), this equation simplifies to:
Moreover, the probability that the individual i answers yes to the initial and the followup questions (r 1i = 1, j = 2) is equal to:
From the estimation based on M 1 , different models can be considered:
• δ 1 < 0 and δ 2 > 0 corresponds to the Range model (with δ 2 − δ 1 = δ).
• δ 1 < 0 and δ 2 = 0 corresponds to the Range yes model • δ 1 = 0 and δ 2 > 0 corresponds to the Range no model • δ 1 = δ 2 corresponds to the Shift model
It is clear that the Range model and the Shift model are non-nested (one model is not a special case of the other); they can be tested through M 1 .
Interpretation
Estimation of the Range model provides estimates of β, σ, δ 1 and δ 2 , from which we can estimate a mean of WTP µ ξ and a dispersion of WTP σ. This last mean of WTP would be similar to the mean of WTP estimated using the first questions only, that is, based on the single-bounded model. Additional information is obtained from the use of follow-up questions: estimates of δ 1 and δ 2 allow us to estimate a range of means of WTP:
with δ 1 ≤ 0, and δ 2 ≥ 0.
The lower bound µ 0 corresponds to the case where respondents always answer no if the bid belongs to the range of acceptable values (ξ = 0). Conversely, the upper bound µ 1 corresponds to the case where respondents always answer yes if the bid belongs to the range of acceptable values (ξ = 1). How respondents answer the question when the bid belongs to the range of acceptable values can be tested as follows:
• respondents always answer no corresponds to the null hypothesis H 0 : δ 1 = 0
• respondents always answer yes corresponds to the null hypothesis H 0 : δ 2 = 0.
Interrelation with standard models
Different models are proposed in the literature to control for starting point bias: anchoring bias, structural shift effects and ascending/descending sequences. All these models assume that the second answer is sensitive to the first bid offer. They assume that a prior willingness-to-pay W i is used to answer the first bid offer, and an updated willingness-topay W ′ i is used by the respondents to answer the second bid. It follows that an individual answers yes to the first and to the second bids if:
Each model leads to a specific definition of W ′ i . In the following subsections, we briefly review some standard models, their estimation and the possible interrelations between them and the range model previously defined.
Models
Anchoring model: Herriges and Shogren (1996) propose a model where the respondents combine their prior WTP with the value provided by the first bid as follows:
The first bid offer plays the role of an anchor: it causes the WTP to come to it.
Shift model: Alberini et al. (1997) propose a model where the WTP systematically shifts between the two answers:
The first bid offer is interpreted as providing information about the cost or the quality of the object. Indeed, a respondent can interpret a higher bid offer as paying more for the same object and a lower bid offer as paying less for a lower quality object.
Anchoring & Shift model: Whitehead (2002) proposes a model that combines anchoring and shift effects:
In addition, see Aadland and Caplan (2004) and Whitehead (2004) for estimation details.
Framing model: DeShazo (2002) proposes de-constructing iterative questions into their ascending and descending sequences. His results show that the answers that follow an initial yes cause most of the problems. He recommends using the decreasing follow-up questions only:
Using prospect theory (Kahneman and Tversky 1979) , Deshazo argues that the first bid offer is interpreted as a reference point if the answer to the first question is yes: the follow-up question is framed as a loss and the respondents are more likely to answer no to the second question.
Framing & Anchoring & Shift model: Flachaire and Hollard (2006) propose applying anchoring and shift effects in ascending sequences only:
It takes into account questions that follow an initial yes. Empirical results suggest that gains in efficiency can be obtained compared to the Framing model. Note that this model is not based on the underlying decision process defined in section 2.
Estimation
Implementation of the Anchoring & Shift model can be based on a random effect probit model, with the probability that the individual i answers yes to the j th question, j = 1, 2 equals to:
where D 1 = 0 and D 2 = 1, α = β/σ, θ = γ/(σ − γσ) and λ = δ/(σ − γσ). Based on this equation, the parameters are interrelated according to:
Implementation of the Anchoring model and of the Shift model can be derived from this last probability, respectively with δ = 0 and γ = 0. The Double-bounded model corresponds to the case δ = γ = 0.
The Framing & Anchoring & Shift model differs from the previous model by the fact that anchoring and shift effects occur in ascending follow-up questions only. Its implementation can be based on a random effect probit model, with the probability that the individual i answers yes to the j th question, j = 1, 2 equals to:
where D 1 = 0 and D 2 = 1, α = β/σ, θ = γ/(σ − γσ) and λ = δ/(σ − γσ). Based on this equation, the parameters are interrelated according to (15).
Interrelation between all the models
It can be helpful to see the interrelations between all the models. Indeed, some models are nested and thus, we can test a restricted model against an unrestricted model with standard inference based on a null hypothesis. Table 1 shows the restrictions to apply to the probabilities M 1 , M 2 and M 3 , defined in equations (3), (14), (16), in order to estimate the different models. For instance, it is clear that the Shift and the Range models are non-nested, but they are both special cases of M 1 . Thus, a Shift model can be selected against a Range model through the general form M 1 .
Application
In this application, we use a survey that involves a sample of users of the natural reserve of the Camargue, a major wetland in the south of France. The purpose of the contingent valuation survey was to evaluate how much individuals were willing to pay as an entrance fee to contribute to the preservation of the natural reserve. The survey was administered to 218 recreational visitors during spring 1997, using face to face interviews. Recreational visitors were selected randomly in seven sites all around the natural reserve. The WTP question used in the questionnaire was a dichotomous choice with follow-up. 5 For a complete description of the contingent valuation survey, see Claeys-Mekdade, Geniaux, and Luchini (1999) . Mean values of the WTP were estimated using a linear model (McFadden and Leonard 1993) . Indeed, Crooker and Herriges (2004) show that the simple linear probit model is often more robust in estimating the mean WTP than other parametric and semi-parametric models.
The mean and the dispersion of WTP estimated from a single bounded model are: 
The confidence interval ofμ is obtained by simulation with the Krinsky and Robb procedure, see Haab and McConnell (2003, ch.4 ) for more details.
Let us consider the following standard models: double-bounded, anchoring, shift, anchoring & shift models. These models can be estimated from M 2 , with or without some specific restrictions, see (14). It is interesting to observe that, when we compare the results between the Shift and the Single-bounded models, the confidence intervals and standard errors are not significantly different. This supports the conclusion of Herriges and Shogren (1996) : they argue that once we have controlled for the starting-point effect, the efficiency gains from the follow-up questioning can be small.
To go further, we consider a model where anchoring and shift effects occur in ascending sequences, but not in descending sequences (Fra-Anc-Shi). The case with shift effect in ascending sequences (no anchoring) corresponds to the Range model where respondents always answer yes if the initial bid belongs to their range of acceptable values. Thus, we call this last model Range yes rather than Fra-Shi in the table. The models can be estimated from M 3 , with or without some specific restrictions, see (16). Estimation results are given in If we compute a LR statistic to test the Double model against the Fra-Anc-Shi model (H 0 : γ = δ = 0), we reject the null hypothesis (P = 0.0033). Conversely, if we test the Range yes model against the Fra-Anc-Shi model (H 0 : γ = 0), we do not reject the null hypothesis (P = 0.6547). From this analysis, the Range yes model is selected.
It is interesting to observe that the Range yes model provides efficiency gains compared to the single-bounded and Shift models: confidence intervals and standard errors of the mean and of the dispersion of WTP are smaller. However, the Shift model is selected from M 2 and the Range yes is selected from M 3 : these two models are non-nested and no inference is used to select one model. Next, we consider the model developed in this article, that considers starting pointbias with respondent's uncertainty. This model can be estimated from a more general model M 1 and corresponds to the case δ 1 ≤ 0 ≤ δ 2 , see (3). An interesting feature of M 1 is that the Double and the Shift model are special cases, respectively with the restrictions δ 1 = δ 2 = 0 and δ 1 = δ 2 . Thus, even if the Range and the Shift models are non-nested, we can test them through M 1 . Estimation results are given in Table 4 This model provides a range of values, rather than a unique WTP mean value.
From our results, we can make a final observation. Estimation of a random effect probit model with an estimated correlation coefficient ρ less than unity suggests that respondents use two different values of WTP to answer the first and the second questions. This is a common interpretation in empirical studies; see Alberini et al. (1997) . If we restrict our analysis to the standard models (Double, Anchoring, Shift and Anch-Shift), our results leads us to select the Shift model, for whichρ = 0.63 (significantly less than 1). However, if we consider a more general model M 1 that encompasses the Range and the Shift models, estimation results leads us to select the Range yes model for whichρ = 1 (the estimation does not restrict the parameter ρ to be equal to one, this estimated value equals to one is obtained from an unrestricted estimation). It suggests that respondents 6 The Range yes model is empirically equivalent to a special case developed in Flachaire and Hollard (2006) , with an anchoring parameter equal to zero. In this last article, the results suggested a specific behavior (shift effect) in ascending sequences only. This interpretation was based on empirical results only, with an unknown underlying decision process. Here, we obtain similar empirical results, but the interpretation of the response behavior is very different. 
Conclusion
In this article, we propose a unified framework that accomodates many of the existing models for dichotomous choice contingent valuation with follow-up and allows to discriminate between them by simple parametric tests of hypothese. We further test the Range model, developped in Flachaire and Hollard (2007) , against several others standard models. Our empirical results show that the Range model outperforms other standard models and that, when uncertain, respondents tend to accept proposed bids. It confirms that respondent uncertainty is a valid explanation of various anomalies arising in contingent valuation surveys.
